Abstract The identification of spatio-temporal patterns of the urban growth phenomenon has become one of the most significant challenges in monitoring and assessing current and future trends of the urban growth issue. Therefore, spatio-temporal and quantitative techniques should be used hand in hand for a deeper understanding of various aspects of urban growth. The main purpose of this study is to monitor and assess the significant patterns of urban growth in Seremban using a spatio-temporal built-up area analysis. The concentric circles approach was used to measure the compactness and dispersion of built-up area by employing Shannon's Entropy method. The spatial directions approach was also utilised to measure the sustainability and speed of development, while the gradient approach was used to measure urban dynamics by employing landscape matrices. The overall results confirm that urban growth in Seremban is dispersed, unbalanced and unsustainable with a rapid speed of regional development. The main contribution of using existing methods with other methods is to provide several spatial and statistical dimensions that can help researchers, decision makers and local authorities understand the trend of growth and its patterns in order to take the appropriate decisions for future urban planning. For example, Shannon's Entropy findings indicate a high value of dispersion between the years 1990 and 2000 and from 2010 to 2016 with a growth rate of approximately 94 and 14%, respectively. Therefore, these results can help and support decision makers to implement alternative urban forms such as the compactness form to achieve an urban form that is more suitable and sustainable. The results of this study confirm the importance of using spatio-temporal builtup area and quantitative analysis to protect the sustainability of land use, as well as to improve the urban planning system via the effective monitoring and assessment of urban growth trends and patterns.
Introduction
In recent decades, the urban growth phenomena in most cities around the world have become unsustainable in many respects. Such unsustainable urban form conveys a clear message that urban growth forms and patterns need to be improved to better respond to future challenges (Habitat 2016) . Although urban areas occupy a small part of the total earth's surface, the earth is still the location of major types of land use and land cover (AlShalabi 2007) . It is reported that more than half of the world's population live in urban areas (UN 2014) . Population pressure has led to diversity of land use in urban areas for the benefit of residential, industrial, commercial and service land uses, while other types of land use such as forest, water bodies and agricultural lands have been affected as a result of this diversity (Xiao et al. 2006) .
Assessing and monitoring the spatial patterns of urban growth is one of the most important challenges for researchers, planners and decision makers in relation to achieving the principle of sustainable urban development (Yildiz and Doker 2016) . Rapid urban growth is a complex environmental issue because of the multiplicity of its patterns and its impacts on the ecosystem (Akın et al. 2015) . In addition, comprehending the social, economic and dynamic characteristics of urban growth will lead to the creation of effective policies that can address this phenomenon (Wu et al. 2016) . Generally, urban growth as a dynamic phenomenon is a result of several factors, such as population and economic growths. Conversely, it creates various adverse effects, such as the reduction of agricultural and natural lands. Thus, further scientific studies are required to determine the best methods for evaluation and simulation that could assist in the reduction of these effects (Park et al. 2014; Geymen and Baz 2008) .
Several studies have assessed urban growth patterns using environmental, engineering, planning and economic aspects (Aburas et al. 2016) . Mapping urban growth patterns and land-use changes is one of the significant and simple techniques used in urban studies (Osgouei and Kaya 2017) . This approach requires knowledge of image classification and its various algorithms such as the Gaussian maximum likelihood method (Aithal and Ramachandra 2016) and object-based classification (Moreira and Valeriano 2014) . Change detection of images is an important technique used to evaluate urban growth patterns and land-use change (Berberoglu and Akin 2009) , while image overlay is one of the simple methods utilised in the detection of land-use change (Hardin et al. 2007 ). The most important part of the change detection technique and image overlay method is the selection of suitable high-resolution images (Lam 2008) . The results of change detection techniques can be considered as either statistical data, such as change detection tables, or visual data, such as land-use maps.
The method of measuring urban growth to assess and monitor trends and patterns of urban development with the use of remote sensing (RS) and GIS techniques is different from that of statistical and mathematical techniques Aithal and Ramachandra 2016) . These techniques may represent a growth pattern such as compactness and dispersion by integrating the values from Shannon's Entropy approach and GIS techniques (Aithal and Sanna 2012) . Sometimes, values obtained from urban growth measurement using landscape metrics represent several types of growth patterns, such as patchiness, aggregation, clumping, fragmentation, disaggregation and physical connectedness (Ramachandra et al. 2013 ). In addition, the relationship between urban expansion and different driving forces can be identified (Aburas et al. 2017) . Generally, urban growth parameters can be used to analyse the spatial growth differences of land use (Ren et al. 2013) .
City planners and decision makers are currently considering modern techniques, such as GIS and RS, to create future policies (Liu et al. 2015) . GIS and RS are chosen for several reasons. The first is that the RS and GIS techniques apply spatial and temporal dimensions for monitoring, controlling, analysing, evaluating and measuring urban growth patterns and land-use changes (Aithal and Sanna 2012) . The second is that these techniques apply quantitative and spatio-temporal methods to identify the causes, effects and current and future trends of urban growth patterns (Aithal and Sanna 2012; Shalaby 2012) . Socio-economic and spatial data can be integrated using RS and GIS techniques to analyse complex patterns of land-use changes. Moreover, mathematical equations, such as Shannon's Entropy equation and landscape metrics, can be used in RS and GIS environments to determine the types of urban patterns (Ramachandra et al. 2013) .
In recent years, Seremban City has faced rapid economic, social and physical growth due to economic and population growth and the proximity of Seremban to significant developed areas such as Kuala Lumpur (i.e. 67 km) (Idrus et al. 2009 ). Additionally, Seremban is located close to the city of Putrajaya, which is the country's new administrative centre, as well as to the Multimedia Super Corridor, Cyberjaya, International Airport. Together with the well-developed railway and road networks, all these factors have increased the opportunities for urban development in the city (Shamsuddin and Yaakup 2007) . As a result, Seremban has become an attractive district for economic activities compared with other districts within the State (DTCP 2004) . The expansion of economic activities and population growth in Seremban has increased regional development, which has compelled the city's decision makers and planners to formulate several strategies and policies to build more balanced and sustainable regional development. Some examples of these include the proposed Seremban district development and housing area density in 2015 (Seremban 2015a, b) .
This study aims to assess and monitor urban growth and expansion patterns using a set of quantitative techniques, such as Shannon's Entropy and the chi-square test, Urban Expansion Intensity Index (UEII), landscape metrics and spatio-temporal data in a GIS environment. The use of spatio-temporal data and GIS techniques with quantitative analysis and its implementation are two of the most important objectives of this study. GIS techniques are integrated with quantitative analysis to achieve an in-depth understanding and a realistic evaluation of the urban growth issue. The main contribution of this study is the provision of modern methods, which planners and decision makers can utilise to conduct a realistic assessment of urban development, while considering the spatial, temporal, social and economic dimensions. This study is the first research of its kind to have used three different spatial approaches, which are the concentric circles, spatial directions and gradient approaches, so as to obtain a better understanding of the urban growth phenomenon.
Materials and methods

Study area
Seremban is the economic capital of Negeri Sembilan State. It covers an area of approximately 951.87 km 2 . Seremban is divided into seven administrative districts, namely (i) Seremban City, (ii) Lenggeng, (iii) Ampangan, (iv) Pantai, (v) Setul, (vi) Rantau, and (vii) Labu (Fig. 1) . The spatial importance of the city of Seremban is that it is located approximately 67 km from Kuala Lumpur, the economic centre of Malaysia, 20 km from Putrajaya, the administrative centre of Malaysia, and is adjacent to the State of Selangor, considered the largest State in Peninsular Malaysia. This significant spatial dimension of Seremban is used to develop the city as a future incubator of urban development in Peninsular Malaysia. The city is bounded by a series of hills and dense forests on the north, east, and northeast, especially in the southern part of Setul and the eastern part of Pantai, Lenggeng, and Ampangan. The current population of Seremban is more than 500,000 and is expected to increase to 1,000,000 in 2020 (DOSM 2011b).
Data collection and processing
This study utilised land-use maps of 1984, 1990, 2000, and 2010 acquired from DOA (i.e. Department of Agriculture) (Fig. 2) . Based on an interview with DOA technicians, the land-use maps were extracted from Spots 2, 4, and 5 images, with a 10-and 2.5-m spatial resolution for Spots 2, 4, and 5, respectively. The preprocessing and processing stages of the satellite imageries were conducted in the Department of Agriculture Malaysia. The pre-processing and processing stages include spatial, radiometric, and spectral corrections. All satellite imageries were registered and corrected using ground control points from the field, i.e. via Global Positioning System (GPS) and were classified using image-enhancement techniques. DOA recommends that the supervised classification method be used to classify all images, so as to extract land-use categories. Additionally, ground control points were collected to evaluate the accuracy of the satellite image classification in this study. Based on the DOA, the values of classification accuracy were found acceptable. The acceptable values of classification accuracy should be more than 0.85 (Anderson 1976) . Generally, land-use maps generated by the DOA are considered accurate sources for any scientific research in Malaysia. They are also commonly used for Local, Federal and National projects and for urban planning and environmental management purposes.
This study applied an accuracy assessment method on the 1984, 1990, 2000 and 2010 land-use maps. These maps were compared with high-resolution images in order to observe any agreement or disagreement between the classified land-use maps and real land-use on time. The kappa coefficient values were 0.83, 0.85, 0.90 and 0.88, respectively, while the overall accuracy values of the land-use maps were 86, 88, 92 and 91%, respectively, which means that the accuracy of land-use classification meets the requirements of the study. A data fusion technique was applied in this study in which heterogeneous data sets were transformed into a homogeneous data set. This homogeneous data set includes all the information from the previous sets in a simple superset (Van Der Meer 1997) .
Landsat image 8 was used to extract the land-use map of 2016 in Seremban. For image processing, a radiometric correction was used to increase the brightness of the image for ease of classification. ArcGIS 10.3 was used to conduct image corrections and classification. The contrast, brightness, gamma and DRA (dynamic range adjustment) of the image were enhanced using the display function in the image analysis tool. The FCC (i.e. false colour composite) technique was utilised to improve the capability for observing different features within a scene and to become more familiar with the scene, so as to determine land-use categories. The maximum likelihood classification technique was used to classify the Landsat image. This image was classified by selecting accurate polygons as training areas. Six classes, namely agriculture, forest, urban, rural land, open area and surface water, were investigated. To ensure a high-accuracy image classification, GPS points were collected from the field. Seventy-five field samples were obtained for each category of land use. High-resolution satellite imagery from Google Maps was used to conduct the accuracy assessment together with field data using Global Position System (GPS). The overall accuracy of image classification for 2016 was 92.8%. Finally, the classified images were resampled to the same spatial resolution (10 m × 10 m). This stage was conducted after image classification to avoid any decrease in spatial details of the images.
The land-use maps employed in this study deviated from the population census dates (1980 and 1991) . To address this issue, the population data of 1984 and 1990 were interpolated and the population data of 2016 was estimated using a linear interpolation method. All social and economic data, such as population censuses and household income statistics, were collected from the Department of Statistics Malaysia (Table 1, Fig. 3) . A topographic map of 2012 was collected and used to identify the administrative boundary of the entire Seremban area and that of each district.
The land-use maps used in this study were reclassified into only two categories-built-up areas and non-built-up areas-in order to meet the Fig. 1 Overview of the study area requirements of the study. Built-up areas include commercial, industrial, residential, communications, transportation, services, utilities areas and other urban or built-up lands. This study follows Anderson's classification scheme, which is considered as the most significant reference in this field of the study and confirms that transportation should be included in the classification of built-up or urban areas. The non-built-up areas include agricultural lands, open areas, water bodies and forests. All types of builtup and non-built up areas were combined based on Anderson's scheme. The main reason for reclassifying land-use maps into only two types (i.e. built up and non-built-up area) is because the spatio-temporal and quantitative analysis in this study was used to evaluate and quantify urban growth patterns based on built-up area analysis (Aithal and Sanna 2012; Al-sharif et al. 2014; Ren et al. 2013) . The following spatial analysis was used in the builtup area category.
Built-up area analysis based on the concentric circles approach
The methodology of this approach relies on the Burgess theory formulated in 1924, which states that a city grows from the centre toward the edge in a circular shape (Park et al. 1925) . Hence, the circle is the best geometric shape that can facilitate the understanding of the growth of cities because it is the only geometric shape that achieves the condition of equal distances in all directions. In addition, the edges of the region have equal distances from their centre (Batty and Xie 1994) . This approach is commonly used to determine and quantify the occurrence of growth in a specific area using Shannon's Entropy method (Al-sharif et al. 2013) . Therefore, Shannon's Entropy technique is also used to quantify the compactness and dispersion of urban growth in Seremban.
For this analysis, zones were identified as concentric circles around Seremban City centre (Yeh and Li 2001). The study area was divided into nine concentric circles (Fig. 4) . The number of circles was identified based on the selected radii of circles and the area of built-up class. The radii of two successive circles differed by 3 km, which would help decision makers and city planners determine the causal factors of urban growth in response to economic, social and political decisions and to visualise the forms of urban growth (Aithal and Sanna 2012; Ramachandra et al. 2013 ). In addition, the centre of the circles was considered as the central business district (CBD) of Seremban, which was determined on the map using a GPS point from the Seremban old business City. Built-up analysis based on the concentric circles approach mainly aims to identify the spatial patterns of urban growth by utilising Shannon's Entropy approach. The spatial pattern of urbanisation, whether compact or dispersed, can be identified using Shannon's Entropy approach (Ramachandra et al. 2013) .
The main aim of the study is to identify the form and degree of urban growth using the best approach. Thus, Shannon's Entropy, which is a powerful technique for measuring the compactness and dispersion of urban growth, was used to achieve this purpose. In addition, this technique is commonly used to determine and quantify the occurrence of growth in a specific area (Al-sharif et al. 2013) .
The values of the absolute and relative Shannon's Entropy Hn were determined using Eq. (1): Where P i is the rate or percentage of the variable in the ith sector of a circle (i.e. the rate or percentage of the built-up development rate in each sector of a circle, calculated via the built-up development rate in ith sector of a circle divided by the total proportions of built-up development rate in all sectors of a circle) and n is the number of all sectors of a circle (i.e. n = 9). The degree of urban growth is determined by the magnitudes of Shannon's Entropy range in value . The absolute Entropy value ranges between 0 and ln (n) (i.e. 2.197) (Aithal and Sanna 2012) . A zero entropy value refers to a high-degree compactness of the builtup area whereas an Entropy value near to ln (n) refers to a high degree of dispersion of built-up growth (Al-sharif et al. 2013) . High values of Shannon's Entropy indicate the occurrence of urban growth in the study area. Relative Entropy always fluctuates between the values of 0 and 1, which facilitates the interpretation of urban growth (Al-sharif et al. 2013; Ramachandra et al. 2013 ). The findings of absolute and relative Entropy indicate the same pattern of growth occurrence (i.e. a high value of Entropy implies high dispersion and increased occurrence of urban growth, whereas a low value of Entropy indicates high density and low occurrence of urban growth); however, the range between these entropies differed (Jat et al. 2008 ).
Built-up area analysis based on the spatial directions approach
The principle of this approach is based on the evaluation and measurement of urban growth patterns on the basis of spatial and geographical directions, Fig. 4 Diagram of division of the study area into concentric circles of incremental radius of 3 km while considering the circular shape that surrounds the study area and the CBD, which still serves as the centre point of the circle (Aithal and Sanna 2012; Bhatta et al. 2010; Ramachandra et al. 2013; Ren et al. 2013 ). Seremban City was divided into eight zones from the central pixel (CBD) based on spatial directions (Fig. 5) . The number of zones in the spatial directions approach is different compared to the concentric circles approach because the zone division in the spatial directions approach is carried out according to known geographical trends, either four or eight (Aithal and Sanna 2012; Ren et al. 2013) . The directions in this study were north (N), west (W), east (E), south (S), northeast (NE), southwest (SW), northwest (NW), and southeast (SE) (Fig. 3b) . Eight directions (instead of four) were selected in this approach to quantitatively and spatially obtain additional details about the studied issue for a realistic evaluation that would support planners and decision makers in Seremban create sustainable plans for the future. Most definitions of urban growth in a city are determined according to the spatial directions approach. In addition, urban development is evaluated in each direction by com- High-speed development > 1.92 puting temporal and spatial urban density (Ramachandra et al. 2013 ). This approach was conducted using a set of quantitative methods, such as the observed growth, theoretical expected growth, chi-square test and UEII. These approaches were used to evaluate urban growth in each direction and zone in Seremban, to identify the overall sustainability of urban development and to determine the speed of urban development in the whole city and in each zone. Equation (2) and observed growth values were used to compute the theoretical expected growth in Fig. 6 Diagram of division of the study area into four spatial directions and concentric circles of incremental radius of 3 km Table 3 Landscape metrics used to analyse the status of overall urban dynamics
Landscape metrics Equation Description
Number of patches (NP) N = n i (5) Range NP ≥1 NP = number of patches of the corresponding patch category. n i = number of patches of a particular category Landscape Shape Index (LSI) LSI = e i / min e i (6) LSI > 1, without limit e i = total length of edge of class i regarding the number of cell surfaces. min e i = minimum total length of edge of class i regarding the number of cell surfaces (Almeida et al. 2005) .
Where m S i represents the total row, m S i signifies the total column and m g denotes the grand total. The expected built-up development for each direction or variable is computed using the product of marginal totals divided by the grand total (Almeida et al. 2005 ).
Pearson's chi-square test is used to check the degreeof-freedom between pairs of variables (Buyong 2006 ). This study used Pearson's chi-square test to determine the degree-of-freedom between the pairs of selected variables to explain the same type of land-use change (i.e. built-up area). The expressions of this test are as follows: observed-expected and expected (Ren et al. 2013) . The lower limit value is 0, which means that the observed and expected values of urban growth in the study area are equal or balanced. Meanwhile, higher values indicate unbalanced growth . Observed growth, expected growth and Eq. (3) were used to compute the degree of freedom.
Where x 2 i denotes the degree-of-freedom of the ith temporal span, m j represents the observed growth of builtup area in the jth column and m E j represents the expected growth of built-up area in the jth column.
The Urban Expansion Intensity Index (UEII) was utilised to evaluate, measure and analyse urban expansion differences spatially and quantitatively, so as to define the dimensions of the preference of urban growth in different time periods (Ren et al. 2013) . UEII shows the future dimensions of urban growth based on the speed and intensity of growth in a specific time ( Table 2 ). The UEII for the whole study area in temporal span and each direction was computed using Eq. (4):
Land-use maps of 1984,1990, 2000, 2010, and 2016 Reclassifying land-use maps into built-up and non-built-up areas Fig. 7 Stepwise methodology of the study Where UEI it represents the annual average expansion intensity index of ith spatial direction during a specific time t, ULA i, a and ULA i, b denote the starting and ending growth of the built-up area of ith spatial direction and TLA i shows the total land area of the ith spatial direction. Built-up area analysis based on the gradient approach This approach was used for combining the concentric circles and spatial directions approaches. Seremban City was divided into four zones instead of eight according to the spatial directions approach in order to obtain a deeper understanding of the dynamic changes of urban movement in the geographical direction. Each zone was further divided into concentric circles of incremental radii of 3 km from the central business district (CBD) to understand the process of changes based on spatial directions and the gradient from the centre to the suburban area. Each direction was divided into nine concentric circles from the CBD to explain the urban dynamics at the local level (Fig. 6 ). This approach would help planners and decision makers determine the causal factors of urban growth, as well as assist them in visualising the forms of urban expansion using multiple landscape matrices (Table 3 ). All landscape matrices were employed using the Fragstats software. All the built-up areas in each direction and circle were clipped and converted into ASCII format in ArcGIS 10.2 for application in the Fragstats environment. This research employed Pearson's correlation coefficient to identify the strength of the relationship between urban growth, population growth and household income. The null hypothesis of this test assumes that no significant relationship exists among the variables in this study. However, the relative hypothesis assumes that a significant relationship exists among the variables. This study used Eq. (8) to identify the total sample size required to determine whether or not a correlation coefficient differs from zero (Hulley et al. 2013) .
where ∝represents the threshold probability for rejecting the null hypothesis. The type I error rate in this study is 0.050. β represents the probability of failing to reject the null hypothesis under the alternative hypothesis. The type II error rate in this study is 0.200. r represents the expected correlation coefficient = 0.995. Z ∝ represents the standard normal deviation for ∝ = Z ∝ = 1.960. Z β represents the standard normal deviation for β = Z β = 0.842, where C is given by Eq. (9):
Total sample sizes = = [(1.960 + 0.842)/ 2.994]2 + 3 = 4 or above
The methodology of this analysis mainly depends on visual data or land-use maps. In addition, the visual data is first converted to quantitative data and then input into a GIS environment. Subsequently, the quantitative data are evaluated using different types of quantitative matrices. The integration between quantitative techniques and qualitative data using modern techniques, such as GIS methods and quantitative equations, mainly contribute toward developing the methodology for the built-up area analysis. Figure 7 illustrates the stepwise methodology used in this study.
Results and discussion
Urban growth and built-up area
The outcome of built-up maps provides a powerful visual explanation of the urban growth of Seremban (Fig. 8) . The summary of the visual presentation of built-up area shows a rapid increase and dispersion of urban growth in 2000 and 2016 because of several factors, such as the population growth increase from 233,086 persons in 1984 to 383,530 persons in 2000 and to 627,717.2 persons in 2016 (DOSM 2001 (DOSM , 2011a . A rising level of household income is a major factor that plays a significant role in the rise of urban growth (Bhatta 2010) . The rise in population growth and household income also increases the demand for houses and lands, which in turn leads to the issue of urban growth (Doygun 2009 ). In this study, the correlation coefficient results confirm a significant relationship among urban growth, population growth and household income (Table 4) . These results indicate that the effects of population and economic growth on urbanisation are extremely strong. The correlation coefficient values of urban growth with population growth and household income are 0.983 and 0.984, respectively. A noticeably large density of built-up areas exists in the districts of Seremban City, Ampangan, Rasah, Setul, Labu and Rantau (Fig.  9 ). This density was found to increase to an extremely high level in the Labu, Setul, and Ampangan districts and adjacent zones, such as Rasah, Rantau and Seremban City. However, the urban growth rate in the Seremban City district is lower than the past rate due to inadequate space for growth and more controlled urban growth policies in Seremban (Seremban 2015a, b) . In addition, there are no more places for urban development in Seremban City.
Conversely, the rate of urban growth in Setul, Ampangan, and Labu districts increased in 2000, 2010 and 2016 because of the development concentration in the western part of Seremban and its proximity to the western region of developed areas, such as Kuala Lumpur, Selangor and Putrajaya. In addition, the main highway that links Seremban and the developed areas in Malaysia is located in the western part of Seremban. The rate of development in the Labu District of Seremban City in 2016 was 23.5%, which is higher than most districts, because of the effect of urban policies in Seremban that focuses on the housing projects in this area such as in Seremban 2 and Seremban 3 because these areas are close to the main highway connecting Seremban and Kuala Lumpur. Nevertheless, Setul District achieved the second highest development rate in Seremban (21%) because Nilai District, which is a newly developed area, is located in Setul.
Built-up area analysis based on the concentric circles approach
The results of this approach confirm that the absolute and relative Entropy values in 1984 and 1990 are less than the middle point of ln (n) (i.e. 1.099 in absolute value and 0.5 in relative value) ( Table 5 and Fig. 10 (Fig. 11) . These absolute values confirm the dispersion of urban patches in these areas, thus indicating the occurrence of urban growth. On the other hand, Seremban City has a Shannon's Entropy value that is lower by 0.5, which refers to the compactness nature of urban patches. Seremban City faced increased urban growth after 1990 to 2016 because of population and economic growth (Fig. 12) .
Built-up area analysis based on the spatial directions approach
Built-up area and urban growth
The percentage of impervious surfaces of the built-up area, such as asphalt and concrete, is significant to the evaluation of urban growth patterns (Barnes et al. 2001) . Developed cities are regions with a higher rate of impervious surfaces compared with lesser-developed cities (Sudhira et al. 2004 ). The findings confirm that the NW, S and SE directions in Seremban have a high rate of built-up area, which also indicates a high rate of impervious surfaces (i.e. high rate of development) (Table 6 and Fig. 13 ). The growth of built-up area in these directions is mainly due to the new business areas in Nilai District in the NW and the new residential areas in Seremban 2 and Seremban 3, which are located in Rasah District (Seremban 2015a, b) .
Observed and expected growth
Observed urban growth was compared with expected urban growth to gain a clearer understanding of the development discrepancy in the study area. Observed growth of the built-up area in different directions was computed for the following time spans: 1984-1990, 1990-2000, 2000-2010 and 2010-2016 (Table 7) . Table 8 shows the results of expected urban growth, which were derived using Eq. (2). Figure 14 shows the differences between the observed and expected growth of the study area in different periods of time and directions. The difference in value between the observed and expected growth was computed by subtracting the values in Table 7 from the values in Table 8 (observed growth-expected growth). Negative values suggest less growth of the built-up areas, and positive values indicate more growth than expected (Al-sharif et al. 2013 ). This technique clearly indicates the significantly high deviations from the expectations of the observed growth of the built-up area in some directions, such as in the S, SE, E, and SW directions. This higher deviation represents the independence (freedom) of a variable (i.e. if the deviation is high between the observed and expected growth, then the specified variable is independent from other similar types of variables) . Generally, this result is considered as theoretical values, which reflect the differences and deviations between the observed or real growth for each direction and temporal span with theoretical expected growth. These findings allow city planners and decision makers to determine the difference between actual and expected growth, so as to address any imbalance in the regional urban development process (Ren et al. 2013 ).
Pearson's chi-square test
This test was used to evaluate and measure urban growth patterns in Seremban. For Table 7 (observed growth) and Table 8 (expected growth), the chi-square test for each temporal span (x_i^2) was computed (Table 9 ) using Eq. (3). This test can identify the degree-of-freedom of each direction by replacing the column with rows (Table 10 ). The findings of Pearson's chi-square test confirm that Seremban City experienced a high degree of freedom during the three time periods. The overall degree of freedom was 41.9, which means that total urban planning in Seremban was unbalanced and incoherent. Generally, the high degree of overall freedom in the study area suggests that the regional urban development process in Seremban is unsustainable. The NW, S, N and NE directions had a low degree of freedom, whereas those of SE, E, SW and W were much higher. The high degree of freedom does not represent the dispersion or size of the built-up area; instead, it suggests the differences of regional growth patterns (Ren et al. 2013) . In other words, urban growth processes in Seremban City have not been growing consistently in all directions because of urban policies (Seremban 2015a ) and physical factors (e.g. the elevation in several places in Seremban such as Pantai and Lenggeng), limiting the balance in the urban growth process, especially N, NE and E of Seremban (Fig. 15) . Moreover, the transportation network is considered the main reason for urban growth in Seremban, especially in the middle and northwest parts of the city (Fig. 16) . Figure 16 confirms that the urban area follows the growth of transportation networks in the city.
Urban expansion intensity index
Several driving forces of the urban growth process can be observed, such as physical, social and economic forces as well as those related to policies (Bolca et al. 2007; Al-shalabi et al. 2013; Ramachandra et al. 2013) . The effects of these forces on the development process are usually different and unique in each zone and direction (Bhatta 2010) . This issue is known as preference of urbanisation (Al-sharif et al. 2014) . UEII was thus used to define the dimensions of preference of urban growth in different time periods. In addition, this method is also utilised to analyse urban expansion differences spatially and quantitatively (Ren et al. 2013 ). The overall value of UEII in Seremban from 1984 to 2016 was 2.8, which means that the study area quickly developed during this time period (Table 11 ). This high value emphasises the need for planners and decision makers in the study area to make powerful urban policies to control and limit the fast urban development in Seremban. On the one hand, the results confirm that the 2010-2016 period had a higher UEII value due to the rapid economic development, which occured during this period (Economic Planning Unit 2013). The UEIIs of the three directions W, S and NE were considerably lower (Table 12 ). The low value of UEII indicates a slow urban growth rate, especially in the S direction, because it is an agricultural area. On the other hand, the development in the N direction was considered a medium speed, and those in the E, SE, NW and SW directions were regarded as fast because the new and old residential and business districts in Seremban are located in these directions, such as Seremban City, Ampangan, Nilai, Seremban 2 and Seremban 3.
Built-up area analysis based on the gradient approach
Number of urban patches
Number of Urban Patches (NP) refers to the level of fragmentation of built-up areas (Ramachandra et al. 2013) . Figure 17 shows the direction and gradientwise number of built-up patches during the different time periods. A major increase in NP from 1984 to 2016 in all zones and in all gradients indicates that the landscape became more fragmented after 1990. The NP values decreased near the CBD; this decrease explains the process of aggregation of the built-up patches. The northwestern (NW) and southwestern directions illustrate a major increase. A significant increase occurred in built-up patches in most gradients, especially along the edges of the NW direction. The occurrence of urban growth is therefore indicated.
Landscape shape index
LSI is a simple method used to determine the aggregation and disaggregation of built-up areas (Aithal and Sanna 2012) . Figure 18 
Total edge
Total Edge (TE) is the absolute measure of the total length (perimeter) of the built-up areas of a particular patch in a landscape in metres. Large values of TE indicate large, continuous urban patches. TE values are greater than or equal to zero. Figure 19 illustrates that in 1984 and 1990, the edges were smaller, and thus the urban patches were discontinuous because the landscape was fragmented. In 2000, 2010 and 2016, the TE results showed larger edges. These results indicate that urban patches were ubiquitous and continuous in 2000, 2010 and 2016. The TE findings imply continuous urban growth and the breadth of its area in most zones of Seremban. Generally, landscape metrics is a powerful technique to determine the urban growth patterns in any urban area in the world in different ways. Therefore, applying this technique in this study has helped in the understanding of historical movement of urban growth in Seremban. Previous studies conducted in Seremban mostly focused only on identifying the probabilities of urban growth in Seremban and the historical narrative of the phenomenon (Shamsuddin and Yaakup 2007; Idrus et al. 2009 ). Shamsuddin and Yaakup (2007) analysed the probability of urban growth in Seremban using a logistic regression (LR) model, but they did not include a comprehensive quantitative analysis to understand the dimensions of the issue. Idrus et al. (2009) presented the urban growth issue in Seremban as a historical narrative rather than a technical analysis. They provided an extensive description of how urban growth started in Seremban, focusing on socio-economic aspects. Nevertheless, a number of extant studies confirm that various methods, such as GIS, remote sensing and quantitative analysis, and socio-economic data should be integrated to clearly understand the urban growth issue (Batty 2000; Sudhira et al. 2004; Páez and Scott 2005; Jiang et al. 2007; Punia and Singh 2012) . From this point of view, the results in this study primarily aim to analyse the spatial and temporal dimensions of the issue by combining GIS and quantitative analysis with socio-economic data.
In this study, the advantages of using GIS tools and techniques are as follows: (i) provides the temporal and spatial dimensions of the findings (e.g. presents urban growth change maps for different periods) (Xiao et al. 2006) ; (ii) uses spatial analysis (e.g. concentric circles, spatial directions and gradient approaches) to generate profound findings that mimic the place, time, shape and Fig. 15 The effect of elevation factor on the distribution of urban growth in Seremban type of growth (Kumar et al. 2007 ); (iii) provides a visual approach, which is characterised by simplicity, clarity and powerful supply (Weng 2002) . However, reliance on visual, spatial and temporal approaches and the omission of the quantitative side, which is characterised by a comprehensive analysis of the urbanisation phenomenon, is a significant weakness of GIS tools and techniques with regard to obtaining the best results for evaluating and analysing urban growth patterns (Batty 2000; Páez and Scott 2005) . For these reasons, this part of the study used both GIS tools and techniques with quantitative methods to obtain realistic and varying results.
The overall findings of built-up area analysis illustrate that urban growth in Seremban has rapidly increased because of the growing population and rising household income. The rise in population and household income results in increased demand for houses and lands, which in turn leads to the issue of urban growth (Doygun 2009 ). Population and economic growth are the significant causes of urban growth in most developed countries such as Brazil, Malaysia and South Africa (Brockerhoff 1999) Based on these findings, this study argues that the spatial directions and gradient approaches are more beneficial for analysing urban growth patterns compared to the concentric circles approach for several reasons: (i) the overall growth and urban growth in each zone in each spatial direction can be determined using the spatial directions and gradient approaches, whereas the concentric circles approach can only identify overall growth; (ii) a number of quantitative methods (e.g., chisquare test, theoretical expected growth, Urban Expansion Intensity Index and landscape matrices) can be applied via the spatial directions and gradient approaches, whereas most previous studies only employed Shannon's Entropy approach when utilising the concentric circles approach (Sabet Sarvestani et al. 2011 ). In general, using three spatial approaches is useful and powerful for analysing urban growth patterns.
Quantitative techniques used in this study (e.g. Shannon's Entropy, chi-square and UEII) were highly effective in identifying the degree, shape, speed, sustainability and deviation of the urban growth issue in Seremban. These findings confirm that the regional development process in Seremban is unbalanced because of the deviation of observed growth from the expected growth, especially from 1990 to 2000, and 2010 to 2016, caused by the economic boom during this period in Malaysia (Economic Planning Unit 2013).
The results generated from the quantitative analysis used in this part of the study are greatly useful for determining, analysing, measuring and assessing urban growth patterns. These findings can be employed to support the sustainable planning process in the long term. These types of techniques and their results can also be utilised by city planners and decision makers specifically in Seremban and generally in Malaysia and subsequently around the world, to generate balanced urban planning (Al-sharif et al. 2014 ). Finally, the overall results have opened future horizons for work in this field. These horizons centre on creating new spatial approaches along the lines of the spatial directions approach or concentric circles approach that can provide other dimensions of findings. These approaches can help protect the ecosystem, preserve valuable natural resources and achieve sustainable development for the benefit of the current and future generations.
Overall, unsustainable forms of urban growth in Seremban can be converted into a sustainable urban form by applying some urban forms such as compactness, urban containment and eco-city forms. The horizontal growth of urban patches is the main reason for the dispersion of built-up areas in Seremban. Single-family houses are the main type of houses that have been built in the last few years in Seremban. Such housing projects make the urban form of Seremban more horizontal and more dispersed, while vertical growth makes the urban form more compact. The compactness of urban patches is the most important sustainable urban form used in recent years (Jabareen 2006) . The main advantage of this kind of urban form is the reduced need to transport people, materials, water and products and decrease horizontal extension (Elkin et al. 1991) . Therefore, city planners, decision makers, local authorities, planning departments and urban panning institutions in Seremban should take into account the compact form of urban development processes. This can be achieved by following a set of operational steps to achieve the principle of sustainable urban development. Urban containment form can be used alongside the compact city form in order to reduce the fragmentation of urban patches in Seremban. The results of landscape analysis in Seremban show that the urban patches were more fragmented in 2000, 2010 and 2016 . This fragmentation in urban patches is a result of uncontrolled development in the city along the main highway between KL and Seremban. Therefore, applying the urban containment form will help local institutions control and monitor urban growth. In general, the greenbelt is not the only environmental technique that can be used in Seremban to manage urban growth and protect the ecosystem from the expansion of urban patches; the eco-city model is also another important technique that can be used to achieve sustainability in urban development. This urban model includes a wide range of social, environmental and economic aspects and policies that can be implemented to achieve the principle of sustainable urban development.
regional urban development process in Seremban during the period 1984-2016. The descriptive results derived using land-use maps for different time periods showed a significant expansion of the built-up area, especially in the periods between 1990 and 2000, 2000-2010 and 2000-2016 due to the economic renaissance and population growth. The analysis of Shannon's Entropy approach confirm that the dispersion degree of the built-up area has been increasing, which indicates the occurrence of urban growth in recent years. In contrast, the overall degreeof-freedom reveals the unsustainable development practices in Seremban, indicating the unbalanced development in different years and directions. In addition, the UEII results indicate that the speed of urban growth was different from one place to another in the study area because of several natural and human-driven forces, such as economic and population growth, elevation and transportation network. The overall UEII results suggest that Seremban City developed rapidly during the period between 1984 and 2016, while the landscape matrices results confirm that the urban form in Seremban should be converted from an unsustainable one to a more sustainable form such as a green urban form or a compactness form.
Generally, the implementation of spatio-temporal data and quantitative techniques within the RS and GIS environment is a powerful approach for evaluating urban growth patterns. These model techniques can be utilised to study any shape of growth patterns and can be used to assess different shapes of cities. These techniques, which were used in this study, are useful for creating a sustainable future for urban planning. Moreover, these techniques are useful for guiding the future planning and policy making of city planners and decision makers. Finally, this study recommends the integration of spatio-temporal data and quantitative techniques with other types of GIS and RS methods, such as the land-use change detection technique and landscape matrices to obtain a broader vision of the urban scene.
